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(71) tHgA -r>X-rY^i-h ■ •-y-x-fA' 

QS'> |r ^>h • XV— • 7— 

^x^^r— X • xflxji^— 
7/ U *-&*H* U y * Jlc:7#f95014- 
0795, 9-;\-?J, 7)\r->\)yi?.7 
19111, *-f;W*hs>:/ 44 
x;H8, 9*/f-M>h to. 

(72) *W# ^UX, 5 i -f;i"f- 

7* U U y *)V—7M94025, 

442 

(74)ft&A #S± *t# W5«) 

tmm\z®< 



(54) kk^©^] i?»^fr&«at(w-«^fe«fcrmg 

(57) (S«5] 
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(2) 0 0 1-5 2 0 4 1 5 

&&&& 

if H pt?tj ^ N 

*HCO^T^£fr5^x>y*tfr^ 
£$i * 3 n y tf a - * fl&ifc D RTti^fto 

iEtt*ftff^fe«fctfiWBP- Ft%W&M^yftgfc7*-feXT3*§£\ MIHf- 
!3^xy*f(WW 7FUX • t-:/;Wc7^XU Me^^fe.fc^HuHE 

isffinw^o^ff^ mmr FUX • r-7;Vrt£Men-Ft^cft/£*fSx 
> F U Mi2*aftfeJ;tfn- FiSH^c^oT^y flOJSIffigtfT 

ttuVvkW, Hfc^ tfflEfg*lWMW3«fc Gluten- Kfr4W9ta**yfl*tc 



(3) ft&ZOO 1-520 4 1 5 

HufB^^^Jco'tulBn- Fifr^2M^<; ft£D£iI&S£7 *-tzX LfcfrS 

[H^9] H^7lB«On>lf a-* • S'XxAfcfc^T, ifflB&M 

• n- F#\ WEn- FiftfNfc£Dli»>&< fc i ootfJMHfcDaii ^ 
[ff^ 1 3] ny tf o.-^ • v'XxAT&oT, 
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(4) 1^*200 1-5204 1 5 

IBP- K^^Mie^o ^5 A©^ff * U MKT * -feX Lft^Ci: £ 

im$mi 4] ft&gl 3lB^£Dnyifa-^ • S/X-rAlCfc^T, M!B 

[»*^ 1 5] ffijftm 1 4te«Orr>tf a-^f • ^XfAf^V>t, fulB 
X^^i-^^ MlBf-x^^^^MIBTO^O^X^^i^l/l-^^m ^ 

B*3&gl 6] fi|$£l 4fB«<D3>lf;i-# • ^X-rAfcfc^T, MI2 
£ • *XT A„ 

U • 3- Ktf, MIBn- F^fe «fctfMiB'>& < 1 1 ooffl^oa if-* 
Gft^gi 9] a>tfn.-^^^DRT^^T^^n/'cay/W;l/ 



(5) #$2 0 0 1-5 20 4 1 5 

3 a y tf a - *H&ffc 9 RT^fto 
W»*H-ry*/*ij • a-K***, K»J*^y • a — F^MfBn— Frffr^Oa 

gfflBffiftHHHs <fc Mf B n - F^^MI B* * U ft cD&M&gtc T ? -t? X L ft 

0**^2 2] »^2 ltBfcOayfc^-* • v/XfAKfe^t, ^a 
^ifn.— £ • i/XfA^ MiBn-F^03tr-^#tfMfBy*/^y • a-F 

[»#E2 3] |f^2 lfB^oayifa-^ • i/XfilLfe^t, MfB 
^x y MEttllMHHs JctfMBn- WHMfflN&t* y «<D#iH&S 

Say/V^Tx^n-FLfcaytr^-^^^prtl^T^oT, MfB£ 
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(6) #8200 1-5 20 4 1 5 

(C) MfE^n^A©^T^ Mf2^4oj:t>'p-F^^M^^U{iIg 

^ Mf2X7^y7 (C) tf, MHe^^^^^MSBn-K^^ji^^UffiM 
£7^-feXL/ctfuf2^xy *ffrWfiJ£L/ci#^ MSP7n-£^H-r3^x 

(D) t(tiBf-xy*ffMW> MI2^n^AoHtf^ MI2^^^J:0hu 

ihp- m^wim* * >; ffigt r t -tx l/c j^j^ Lrcm^um^t v ts 

;%V • n-F£f§£-TSXxy:/£l^ ^y#/SU • n-Ftf> MI2n-F^ 
[ft*Ji2 9] nyv^-z • i/XxA±-eHfT^nfc^^ mi^^3 
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(7 > #§2 0 0 1-5 20 4 1 5 

(b) mEfu^fy^mn^ mmmi^<ommcmt^-^±v, 
Mien 2 ^^f/ft-r s *^^^>Q^Tifj^^fT 9 ^ x 7 ^^^^-r s xf 

*#t? a > t? a - * o Rrti^o 

> MfEXx^y^ (B) BufB^20^MIS01^(7)^f^#-r§x--^ 
(C) y*^y • n-F^^-rsxxy^^ nu*>*y • 

(b) tmfu^j^fomm*. m^m^vu^^m^^jom 
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!> 



(8) ^20 0 1-520 4 1 5 

> mm^f-yf (b) ti\ #i&u m&uvy^miwcmzmis&vu 

- F#W£M* ^ V GLWfo 7 X t fc^*HC0V^T|iJS-r ^ ^ x >y 
Ma4>& < £ l oo^oUff O^te^^SEb^ 

[fif;£3S3 5] ny\Za_-$ - i/XTLl^mT-ZftTct^, V-X • 7° 

(A) Miami *Hr£\ Ma^lS*7*ny^<D^T% tulB^ 1 S*7*n >y 

(B) Miany/W;Hb7°D^AO^fT : ^ MIBm 1 t^^M^^-TS 
a^fcWTSfi&fcfrd f-x >y *i***$t£U Mian 1 *Wm*«4L 
fee t^MIB^x >y ^WKKLfel^, MSB^x >y ^fSrWta»7n-*a 
Hf^XxyT 0 ^ 

> fOHfrS^ Mi-, tufaf-x'y^^Mia^lS*7*n«y^^-ex^^0L- 
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(9) ^20 0 1-5 20 4 1 5 

im#m3 7] mxms 5um<o=iy¥a.-zmfrmnsmmmct5^T 

m^m3 9] ^^^a-^^mORT^m^^n^A^^Lfc 

3 V If a - 0 RTffi«M*:„ 

> M!2^x^^^^Mie^lS*:7n'y^p ( g(cx^^a--;l/$n^. ni/fcTa 
[»3<«4 1 ] M$£3 9l2«Onyif RTfiljiftJc^T 
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00) #S2O0 1-5 20 4 1 5 

1 g#7n y *fcH»U Mf27n^AO||fT*£M^fg£U#£3! l tfj^r 
buIH^I^^ MI2^lS*7n^^(7)^gpT\ 15120 1 g#7n >y 

[11^4 5] W$34 4f2«<D3>lfa-£ • S/X-rA^^j^T, Mf2 
C»*^4 6] aytfa-* • >>XfAT'fe9t, 

<DM&*^fr, MmmvfattK m l S#7n >y £ (CM® LMiH^d ^ AO 
MIB^n^AO^fT^M^^b&v^cttlSiga^w^^M^trftv^ 

H*#E4 7] m^m4 6l2«Oaytfa-^ • j/XfAKfe^T, M2 
a^U5*V Etc, WIBmif^A^%^Lfc«^tcM®^*ry*My 
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(ID &S200 1-5204 1 5 

[M$«4 8] 3Vtfa-^»|ii^?)TOft«tt^n^i**«HWLfc 

it i tmmfiiir*ffi^ mm i ^^^o^T^t^Mn^^csor 
c *5^rwE« mmmm i ^tiaw-r s«^, mibh 2 m 

3>lfa-^tt*JR0Rrfi6jKfto 
C»*S 5 2 ] M$£ 5 1 12«0 3 > If a 0 RTfliaSGfctCfc^T 
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S .1 

02) #82 0 0 1-5 20 4 1 5 

im^ms 4] 8ft$£5 28B«©a>tf a -^S|iWRr)pr^j|^fcj3v^T 

muaktiztircms. *tfmswmm*jfflu m^mmmm^ticnn 
mmizmztircmut, mimimm^\ mmimm^omm 

mm l afBflWM^*»^r * X -f y 7%^fr, a y if a - xi!&® 0 RT^^fto 

mm* tut at z*?mmmm 2 macMsmr * , a y m a 9 
> kme&j*^ hk, Mien 1 tm^^comi^wsm^mmmB^Hrc 
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(13) #§2 0 0 1-5 20 4 1 5 



-13- 



04) 2001-52041 5 

fflRtmtm-o Totems, tm^m^mmt sxf- v/t, 
n y e a - * k> vimm* 

n y if - o or^^^fe o T\ tulH7 p n ff^I^tiK 

^yv^-zmmL<o»$mmWo 

Mf23!2^£^r3Xx>y:/T&oT N Km2^(D^fT^\ M27Ft^ 
MI27 F UX • €>Mf2il 1 ^£»T3xy F y 
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OS) 001-52041 5 

127 F UX • "r-r;I/*JSSRLT|jfflH» 1 f^fcft Jfrf *xy h y £>£j6, MI2 

C^*^ 6 6 ] gjt$£ 6 5 E*0;mfc*5V>T> ^x y *^£HfrfS 
«f^m * U fiffitf 7 * -feX Sftfdg^ y#^y . 

MI2* * y file a ytfa-^lKWR o ^^EMi^ntt,^ 3 y> u } \, 

tuI2T KUX • x-77Wt7*-trXU tuK^^fej; Gluten- 
*M^yrtOftMfi&cr^^XLfc^^ico^T^1-§^x^^^^, 

[»*^6 9] m^me 8t2«on>if a-^ . '>xfAfcfe^r, mm 
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06) #8200 1-5 204 1 5 

[00 0 1] 

1997^10^13 Bic&mztircmmmmmmo 8/9 5 3, 

H^i, fiSWt (speculatively) Ml Lfcnytf a — £^tc 
TS*yn>y ^ (basic block) J tit, 7*7 

*#3fcfifSftS, BPS, ^•ftiO!6*rny^rtfc«n*i^tt, £Tfr^& 
(all-or-nothing) fcg^fcbT^Sft* C 

~7;l/Sn^fr2ftS (CCT?ffll^ f**-^y Mg£j (target 
ing) ^>^SJR»c<fc«W^W«:^-yyM^43«kCf75>f-aiR 

sfomnzmmtzct* rmu (speculation) mso fu 
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07) 1#g2 001-520415 

[00 0 2] 

quiz* wittcnftvimv&zbK 'm^immmcnftLwmifftztj:^ 

[0 0 0 3] 

'U^ic&^-c&m mm) -r^ct^-vtr^ f5n&&^ ^co^#m% 

CO 0 0 4] 
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08) *t#§2 0 0 1-5 20 4 1 5 

RLft&5K, fflmtitftomtto*. %Wtf&i}CDmTma&\zmt (den 

v e r) CttfT*Z%WT:\ l^£^Lfcg*7ny * ( fWM (orig 
i n a t i ng) S*7ny^j tLT&ZftT^Z) lCfflffl%m?£T\ M9\- 
<D3\%mL*mirZ&5%;ny;U7 , (c omp lier-v 

isible mechanism) IWC«£llfT-f SllJi^ 

tt, OTO«fc5*#WS«©ffiSWft^«l«#ft-rs 0 (l) Wfl4ft!©3©SM3 
<fctte<DI3fl*#fcfct,^Mk (2) feJ:tf*«WO« (breadth) SJ; 

[000 5] 
[000 6] 

• ^xf^tc^t^ttig^^Hsiwife^enrv^o cna, 312 
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09) 0 0 1-5 20 4 1 5 

***** 0 fcttfc**$;a-;i*ft*W**frfc, ttMMJtf CI- K*frtf 
[0 00 7] 

[0 0 0 8] 
[0009] 

tlfc 7 D L fc 3 > If a - jrfbW o iftgjMttttftr « . 7n ^7 

o 

[00 10] 

ffiM*rl3& tfn - K*H«M y rtoftiiffiBtc 7 * -tx bfc «S t fc«£ 
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I ' J] 

(20) #«2 0 0 1-5 20 4 1 5 

[0 0 11] 

^^^x^yn-\ihtcny^a.-^m^mnmmmmm^ 0 Mi2£ 

CO 0 1 2] 

1 ifiH^fc^tflg 2 ^^fr^u ^A^rn U;l/T ^^F^Uff f § n y>\ 
^mtx^r^ny;\^^\z^x^yn~Y\^tcny^a.-^mmLK)^mm 

[0 0 13] 

6fflNHr£;&lltfV-x • ^n^7A5ny/W;PtS^^f:t5ny^ 

-futf^&onn^ ^^ckD'D-F^^ji^^rUffiBtr^-bXL 
fee fc^fJ^trc^t^-r^^^^^tSXx'y 7££3*? 0 Mf2# 
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(21) 0 0 1-52 0 4 1 5 

[0014] 

V>3'>&< fcfc l ocDfft^fcHfrU tt> 1 o©^(D^7©^tt ( i 
n t e g r i t y) %&ffiEU fe 1 O©f&^©Hff0S§^tffcffi£ft 

[0 0 15] 

rat. 3>/w;i/$nfc^n^i.<D^f^M^^L#smi^*# 

fro MfB?jSc&> ( A) m 1 ffN*^ £ 1 g#7n y * <D*We, m l S#:/n 
[0 0 16] 

corner u y 9Km&ztiitm&<o*itfre>&t) y #»*7*n 7 *#iigrr**fr 

^©S^^^tfo 8&©f8H*fi* fit 1 g#7n «y ^7 tcglM U 7u ff^LfOnfi 
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(22) #S200 1-520 4 1 5 

[0 0 17] 
[0 0 18] 

[00 19] 

> & 1 c^ig»^^nfT^t^M^TO^fg±'r 

[00 2 0] 

Biumm^(omn^c^m^m^n±t^mm^^, mum 
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(23) 0 0 1-5 20 4 1 5 

[002 1] 

zmmzitz^mts ^mt^m^x^rct^K^x^m^n^^mt, ®m 

[0 02 2] 

xy-vft^ ®mftm?x^rcfr&mc^xmM*fi5X7 L y7t, urn^m 
mm^mm 

*<fctf**y 5 Cft5tt^X6 0£MCT&M£ftTV>5 0 ^'J 5 

8t4, ±^U6 2 (BPS, ^V^5^^^#^^UcO«J;5^ifji^tt^^ 

y) fc^tfi^ty 6 4 (ip^ x w&Tjxzo&sKTmzmttv) 
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(24) $£S2 0 0 1-520 4 1 5 

[002 3] 

7n^7l>6 6«\ -fey -9- 5 2lC < fcoTHfT^nSfc, tflffinytTa-* 
[002 4] 

[0 0 2 5] 

, ±x(o^mmwm\mm\t^M 0 zm^-vyyom^ *y;u? 

fcDfc WBMftl— (DETideferred exception 
token) (frft) fc##&ty 0 #|*M$i<7)#££ HfeL 

rcny\£3.-^^f}mJEfS:t^9y} i X^Jt^Cti)mf^n, UodSt 
, lELV^HOf^bOlc, DET£#t?cl DET 

iRS*n*^Cfc^ai2Lrfe<) o CO^i&cDcli:^ rg^J (propag 
a t i on) fcnfc& #^0^«^©jg^|^rny^rtfc^jgsiw^^ 
■ <Cfcfcj:0 % ^LT&iSfti^O^ ($fcttDET*SfttfcRri)ltt^ 
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(25) ^$200 1-5204 15 

, KIStfiiLfeD E Ttt^ILt,^f tit ^§^$§ 0 ctlits T 
lsl& (ViJ'V) : r e c o v e r y) J Mtf^l&^nHzX^oTtTfrftSo 

®'mz, n y> w^^m-r^itiipon- fic £ § 7n acd&&£#& c t 
hk. *mi<D-&mmvi& det <d#&#^x y * u d e t *<tftffl^n 

[002 6] 

a £ ^©tJN^^s-r s c t £> RT&re&So 

[002 7] 

C0l$j£8:?fc3l/tlLfe8»fc, r^MtKcontrol specul 
a t i o n) J tW&o {RjiftftS, #^*^$nfc^tCs ©jw<ine>{c^$ 

O-Mti, Tx-^M (data speculation)]^^ iltl 

r^t&sn^ r F bX i: a& lth t < ^ c t ^-r c t an?**^® o , 
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( 26 > ^200 1-5 20 4 1 5 

fs 0 Mno-ftimim o-Fiw^j:tfcnicttfrr*ioaJ:Of(r 

[002 8] 

i%^£JW|SRciia6£ (advance) ^£^<ktfglt^mfc"rs 0 c 
C fcfc LT»6nrv^*X7-««*4«?MBf!W**JB l ft* ( 

[0 0 2 9] 

^oy^oJMWx^a^L (MOM) , WC^tyfl«Ucr^-bX« 

97*10^13Hlcmu, Jonathan K. Ross et. 
al C^a^y k. ax^offi) COMPUTER archit 
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(27) 0 0 1-5 20 4 1 5 

ECTURE FOR THE DEFERRAL OF EXCEPTION 
S ON SPECULATIVE INSTRUCTIONS" 

mmmmo 8/9 49,29 5^ mcmmmmztir^Zo zvm 

[0 0 3 0] 

c comrcrj:7-*T mwtmffm. bftm&tcmt icmnzmm t 

(det) ^ m^tfmfetzftfticmz&tscticz-oT, mn* 
mmzikZo tit, faim-ste, m&mmm <m«\ 

[00 3 1] 

'f-7/P (ALAT: advanced load address tab 
1 e) fcTt*Z?Z£ttfT:ZZ**VW®?-jLV?mz.. WSWlEL^fr 

[00 3 2] 
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(28) 4#g2 0 0 1-5 20 4 1 5 

£&fB LT& < o titftlZ&c D E T ^^fc a tr^-r 5 C #T*#5 rHf?& % 
o CO* Sic, DET{»^©7n7^«n o UtfoT, * 
«WO-^Se^8?tt, JWgJIfc^tBSflsic D E T fffcs frm^x y ttti 

[0 0 3 3] 
[003 4] 

»tt^ chk. af^fcPfcS TrF/^X-^xy^j (advance c 
heck) mcioTW£r*!:W«. chk. a*H*H\ **y<M 

fcm&s c h k. at*M*fi % y#/*y • a-K*Hfifr*^CD^-yy h • 7 
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(29) 13312 0 0 1-5 20 4 1 5 

KbX£#ttf5o chk. atiiftfc'O^Tlt. &CF"emcmL<W&+%ti£ 
K« 0 chk. sMchk. att, ^ftO^rffi^ieiRrfill?* 0 , 

^ff-rs^£0M®7D-{c*3^r^fb^^-r5o mar, «.^r*fw*5HK* 

[00 3 5] 

£H£LT, chk. sMchk. afc^UfclBSfllWfcfS. 

• n- K*^ffSo cnttx jtRf^ (offending instruc 
t i on) 0#8«Wl/<-3>a >*«r. DETWfllLftchk. stffcH 

ftfcfc^T, DET£iEU^JilfclBiSrfS*>\ *3£Zf/&rcimftZ%£.'?Z 

-Kflfc^Stu ^HfT^nSo faftft^ DETttW|S|Oja«|»^fiD^t*: 

&%fre>T&Z> 0 chk. a^(c|Lt, y*^y 'a-Httx 3tRn-K* 
^fclf^frU ^^y^&aiEftrt^n-KLftttntfJSreJ&v^o *P^T> p 

5«>Sf^fe, HHfT^n^o n-F^, 9 fc±T?n- F2 

y^a-;Vbfe©l», a^V7«4ffl«©|ftft^*^lC3ibfey*/Vj • a- 
[00 3 6] 
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(30) t#«2 0 0 1-5 2 0 4 1 5 

CO 0 3 7] 

H2«, 3O0i*7n«y^Al, B 1 fc«fctfC 1 ^KfigSftfcTEOn- K • 

<&WSfeh>7hU *0«**l^X*r3fc#*&*. *MH8&, l^X* 
r 3*5<fctfr 5©rt£pfeta*U I8II£I^X* r 4fc##fctf 0 iflH*I 1 Ott 

#l^X*r 7«J;H^^ #M£n#tel^X* r 6 

*ftfi0Ko*^ vzSaz r eicvuzmz&tso uriti 1 214, u^x^ r 6 
<ofi§*^DoiBic, ^1100 (S2(ctt^^^) icihirrs^HR* 

&fafrm%mt>?o s*rn«^Birtm ^1 1 2«f^i 1 ok&#l 

> -tftfMH 1 Ofcttfr^I 8£#c#U -73^1 8(i^I 6tc«#U -7j 

^ 1 6 1 4 lam-rzo 

[0 0 3 8] 

H3& ^BJOM^ilLTO-^SS^C^Sir^^ffl^T, 02©7t 
2 0^f o B93fc45^T, ^1 4, I 6, I 8&, ^n^OM^S* 

*st3y/V7tj;o«i:T-^nti^ ( r. sj iifaot 
^t) o ^1 1 043^^1 1 2(i, ^oig^s*ruy^B lonsrx^e; 

[00 3 9] 



-30- 



(31) ^ 2 0 0 1 - 5 2 0 4 1 5 

&mm®®W3<Dmm*)'mo Litfox, 3>/W7it cne^^o 

£3£X^:t-;l/£ftTi,>S;&HaSDT, ^»S/cti^»^0J^cv 
[0 0 4 0] 

(speculative dependence chain) ( 

ccpffl^s^ rjj^j niv\i & N Tcoyn^AoM^tcfc^r 

■o tft^I 6«> l^X^r lfr5DET£ffi#ttSfc, r 3tCD E 

T£#£&& 0 f8HH8«, l/^X^r3fiODET!&$!M5fc, # 

lc D E T % V*JX $ r 4 tcfct £ ©Weti, ffr^r I 6 fi, s h 1 . s iSM* 
fc<fcoT^$nS^7h«^|^j-rs<g®^«:<, fflHH 8«\ add. s 

isnfc <£ o ft § timmmzmn-r c £ £&ib ttfe < „ c 

[00 4 1] 

£\ £fr«tfH*I 1 4£#IKU l^X*r 4tC!fftW*nT^5ffitt 
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(32) #g2 0 0 1-5 2 0 4 1 5 

4, i fcjtf 1 8j^*na*9*«*ico»iiff*n*c 

i:«B»LTio*©T?, tf^i i 4*J:tf*tiic«<UHWa: % JWei/^x^r l 
[0 0 4 2] 

LfrUfctffc, ^WrO^W^ ^1 4, I 6, fe^tfi 8 

W ^ ich k - (H 3 I 9) *«f?u SKS*yny 

* (co«T?ttBi) rt(ca< e fcfcfflELfeJ;^ chk. st&BMft? 

9fc43tt*chk. stt, 8©?&fcl^X*T*&S, IsiSXZt 4 



[0 0 4 3] 

4, I 6, *J:tf I 8©^fcJ:oTDET*^Lftfrofc«a, * 
[00 4 4] 

LfrUfctfB, 4 X I 6, I 8tfDET£|g£Lfd§i^ C©D 
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